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Tin Oxide Nanoparticles Prepared Using Liquid Phase

Laser Ablation for Optoelectronic Application
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Abstract Very simple, cheap and two step method was employed for the preparation of SnO,/Si heterojunction device.
SnO, Nanoparticles was fabricated successfully using LP-PLA system, at which ablation of pure Sn metal target in DIW was
done using 532.5um , 9nsec, Q-switching, Nd:YAG laser. X-Ray diffraction pattern show a Highly oriented nanostructure
film related to SnO, wurtize structure. The heterojunction device performance revealed a good rectification and photore-

sponce and found to be of abrupt type.
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1. Introduction

Nanostructured SnO, particles was prepared using dif-
ferent chemical and physical methods. its important yield
from its wide band gap (3.6 eV) that presents a proper com-
bination of chemical, electronic and optical properties[1-5]
also arise from Nanostructured form (which not only offers a
larger surface-to-volume ratio but is also characterized by a
grain size comparable to the depth of the depletion layer (few
nm)) which considerably enhances their sensing perform-
ance[6] . This material found to has a broad range of im-
portant applications, ranging from solid-state gas sensors to
liquid crystal displays, photovoltaic cells and transparent
conducting electrodes. New effects and properties observed
in the nanoscale arise mainly from surface or spatial con-
finement effects[10], hence, characteristics such as particle
size and surface morphology play a crucial role in deter-
mining the final properties of nanostructures. For instance, it
has been demonstrated that the band gap energy of semi-
conducting Nanocrystal is a function of particle size, when
the Bohr radius is comparable to the nanocrystal size[11].
Dependent on this fact a band gap tuneable could be
achieved simply by changing the particle size. using liquid
phase pulsed laser ablation system( LP_PLA ) this could be
achieved simply by changing the laser parameters[12]. In
this work we prepared a heterojunction device using
Nanoparticles colloidal, this approach has not been exten-
sively studied yet.
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2. Experimental Work

A pulsed SHG Nd-YAG laser system type (HUAFEI)
providing the required laser pulses. High purity (I1x1lcm)
(99.999) Sn plate from (Fluke) was used as a target, so it
fixed at the bottom of open a plastic cell containing 3 ml
dionized water (DIW) with resistivity of about 2 MW which
represent the liquid media. The pure metal target was irra-
diated with the focused laser pulse throw (12.5 c¢m) focal
length at specific laser fleuence of (476 J/cm2) and (40 laser
pulses). The position of metal plate was continuously trans-
lated mechanically using a controlled motor. The colloidal
solution vibrated for 10 min by ultrasonic vibrator in order
to get homogeneity for the product, The transmittance of the
films was investigated inspectral range (400-900) nm using
UV-VIS Shimatzu
double beam spectrophotometer .X-ray diffraction meas-
urement has been done using Philips PW 1050 X-ray dif-
fract meter of 1.54 A from Cu-ka.. The surface morphology
and particle size distributions of the Nanoparticles were
analysed using atomic force microscope (AFM) from
(AA3000). Heterojunction Device was fabrication Simply
by Direct spraying of the SnO, NPs colloidal using a glass
nozzle connected with an air compressor on p-type Si wafer
heated to about 150°C to obtain uniform distributed
Nanoparticles thin film, and hence heterojunction SnO,/
p-Si was fabricated. For devise characterization A Kieth-
ley-616 electrometer was used to measure the flow current
in a solar cell manufactured from the produced structure in
dark condition as voltage been applied from a Farnell power
supply of range (0.2-3) V in forward biasing and reverse
biasing.

3. Result and Discussion
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The optical properties of the colloidal suspension could be
show in figure (1-a) where the transmission as a function of
laser wavelength was measured, the average transmission
found to be about (85%) , in figure (1-b), the optical ab-
sorption of the colloidal suspension show that SnO, exac-
tion absorption peaks locating at about (330 nm) which re-
lated to the large band gab of about (3.62 eV) as shown in
figure (1-c) , the optical band gap (E,) of SnO, NPs is
determine from extrapolating of the linear part of (cthv)®
vs. incident photon energy (hv).
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Figure 1. optical properties a-transmission vs. wavelength b-absorbance
c- (a hn)2 vs.incident photon energy

The XRD pattern of the SnO, NPs is shown in figure (2)
were a specific and sharp peak appear due to the diffraction
from the (101) plane of the SnO, Nanoparticles, which re-
lated to 20=30.7633 diffraction angle with a corresponding
lattice constant of (2.90°). There are no similar result
since all the obvious work give a polymorph structure , in
this work we related the wide single peak to the diffraction
from the condense Nanoparticles which formed the SnO,
film on the glass substrate, This diffraction peak related to
the wurtize structure of SnO, according to the ASTM stan-
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Figure 2. x-ray diffraction pattern of SnO, Nanocolliodal condense on

glass substrate

Figure (3) show the surface morphology of the colloidal
suspension prepared by drop drying on glass substrate, it’s
clearly obvious the plasma is intense enough to achieve its
long life time and high temperature. in such a conditions,
the space asymmetry of distributions is no longer predomi-
nant because the plume region is filled with a high density
of species, Here the influence of aligned media will be
much slighter, As a result the grain size increase and it
shape close to a helical structure this result similar to other
work[13, 14] the average grain size found to be about (102
nm) while the RMS value about ( 18 nm).
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Figure 3. surface morphology of the colliodal supention preperd
by drop drying

Direct spraying of the SnO, NPs colloidal using a glass
nozzle connected with an air compressor on Si wafer heated
to 150°C the AFM results show uniform distributed of the
Nanoparticles on the substrate, as shown in the following
figure (4). The averge grain size found to be about 98.2 nm
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while the RMS value about (0.13)nm, the difference in
particle size and surface rougness related to the the uniform
growth and distrubution of the nanoparticle on the substrate
surface at higher tempreture.
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Figure 4. AFM results of dirct spr}-/ing SnO; colliodal suspansion
prepared by sprying
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Figure 5. 1-V charechtersitic of SnO,/Si heterojunction device

By sprying the colliodal suspension on the Si substrate a
heterojunction (SnO,/ p-Si ) was obtained. Figure (5) decribe
the results of the current-voltage (I-V) measurements in the
dark for the prepared heterojunctions in the forward and
reverse bias These characteristics are very important to
describe the device performance and all device parameters
depending on it. In forward biase, Two regions are
recognized; the first one represents recombination current
the first current established when the concentration of the

generated carrier be larger than the intrinsic carrier
concentration  (ni), i.e. (n*p>ni2),which lead to
recombination process for mass low applicable . The second
region at high voltage represented the diffusion or bending
region which depending on series resistance, In the reverse
bias, It is clear that the curve contains two regions; the first is
the generation region where the reverse current is slightly
increased with the applied voltage and this leads to generate
electron-hole pairs at low bias. In the second region, a
significant increase can be recognized the reverse bias is
increased. In this case, the current is resulted from the
diffusion of minority carriers through the junction. We can
also note from this figure the rapid increment in the reverse
current at high reverse voltage, which is probably due to the
leakage current arising from the surface layer.

Figure (6) gives the 1/C*-V measurements for prepaerd
device. Results show that the device capacitance is inversely
proportional to the bias voltage.
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Figure 6. photo I-V charecteristics under reverse bias for SnO,\Si
heterojunction device

The reduction in the device capacitance with increasing
bias voltage resulted from the expansion of depletion layer
with the applied voltage. The depletion layer capacitance
refers to the increment in charge per unit area to the
incremental charge of the applied voltage. This properly
gives an indication of the behavior of the charge transition
from the donor to the acceptor region, which was found to be
"abrupt" which is confirmed by the relation between 1/C*
and reverse bias being a straight line. The photocurrent is a
very important in photodetector and heterojunctin
performance, The current-voltage (I-V) measurements in the
illumination for SnO/p-Si heterojunction is shown in figure
(7) , photo electric behavior of the device under illumination
condition could be recognize. It is understood that photo
electric effect result from light-induced electron-hole
generation at the device and particularly at the depilation
region of the P-type silicon. Under external reverse bias,
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depilation region of the device extends and as a result, more
incident photons will contribute to the electron-hole pairs
generation that takes place in the depletion region. The
internal electric field in the depletion region causes the
electron-hole pairs to separate from each other and this bias
becomes larger with the applied external bias. From the
following figure, we can see the increase in the photo-current
with increasing incident light intensity, where the large
intensity refers to a great number of incident photons and
hence large number of separated electron-hole pairs.this
figure shows the behavior of the current as afunction of the
applied reverse bias voltage with different illumination
powers, operating the detector under external revers bias
causes the deplation region to be extended so that large
number of incident photon will transmited through the SnO,
layar and absorbed mainly in the deplation region, creating
electron —hole pair's which incoporate in photocurrent
generation. the internal electric fields in the depletion region
cause separation of the electron and the holes, this electric
field is much higher when the device in the reverse bias. so,
when the incident power density increased large number of
electron —hole pair is generated.
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Figure 7. photo I-V charecteristics under reverse bias for SnO-,\Si
heterojunction device

4. Conclusions

According to the obtained physical properties and that
have been estimated we could conclude that SnO,/Si

hetrojunction device was successfully fabricated by spraying
SnO, Nanoparticles colloidal on silicon substrate. The
junction show a photo responce and found to be of abrupt
type. The prepared film has good uniformity and low
roughness of about (0.12nm). the x-ray result show a highly
oriented SnO, film on glass substrat.
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